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ABSTRACT
A short review is given of the successes and of the failures of the Quantized Nesting model, at
the light of recent experiments in the Bechgaard salts (TMTST)rClOa and (TMTSFhpF6.
A preliminary work gives a complete desoiption of the spectrum o[ the Field Induced Spin
Density Wave phases. It is compared to the well knorvn Ilofstadter spectrum.

1 QUANTIZI'D

NDSTING IN BL'CIIGAAITD SALTS

The Quatttized Nestirrg (QN)tl] model iras been succcssful to describe the magnetic lricld
Liduced Spin D'errsity wave (FISDW) phases. of the l3echgaard salts (T\,ITSr)2ClOa and
(TN'ITSF)zPFo. Tire trvo essential ingredieuts of this nrean field theory are the nesting of the
llcrmi surface ald the quantization of electronic orbits in a field[1,2,3,4,5,0]. As a result, of
tiris duality, the uretaliic is urrstable ald tlie spectrum of the ordered phase ex|ibits a series
of gaps n'hich open at quantized values ol the wave vector. This structure leads lc, vcry
intcresting tnaguetotLermodynamic aud magnetotranslrort properties. I\{any features of the
experimental data are well described by this tlieory[7]: cascade ol first order trtursit,iorrs,
slructure of the phase cliagratn, frequency of the transitions, evolution ol the phase diaglnrl
rvith prcssure, thrcsirold ficld, rnzrgnelizat.ion ancl spcci[ic hcat clerta, quantization ol t|e llli]
e

fli:ct.

llowever, finer or rnore recerrt data in ('f'MTSIrhClOa, the nrost studicd o[ t[esi: conrpounds, are not understood in the sirnplest version of this modci: uegative nragnetizatiol
[8] ,
reenttances of the metallic phase iu Iorv field[9], irregularities in the sequence of the tran-

sitions [7], destruction of the SDW ordering in high field with reentrance of the metallic
phase{10], arborescent phase diagranr at low tenrperature[I1], changes in sign in the lIall
effect[12], fast oscillations in the magnetic field depeudence ofthernrodynauric and transport
data[7], etc...
Some of these uttexplained data have been described coherently with a simple thermodynamic analysis[l3]. It has been shown under very general conditiols that t[e ground
state magnetization Jl,/ is simply related to the variation with the field of the nretal-SDW
transition line'1"(//): I,I(H) = 0.2367"dT!/tlIl. In this framework, the reentrances of the
nretallic phase where sltorvn to be related to the negative excursions of the magnetization.
The large diamagnetic variation in high field has been proven to be a clirect conserluence of
the destruction of the SDW ordering[l3]. lb explain this nretallic phase reentrance in high
fieid, non mean-field t,heories have been proposed[14,15]. \Ve have receutly stressed t|at,
since magnetizatiou in high fieid depends on the cooling rate, the reentrance is sensitive to

anion ordering[13]. Prcliminary results seem to coufirtn this sensitivity[16]. This inclicates
tliat the anion ot'derilg is an essential ingredient to understand the reentrance anci should
be taken into account in a cornplete theory.
On the other haud, recent magnetotransport data in (TI\.{TSF)zPF6 under pressure agree

veryrvellrvithtliepr:edictionsoftlteQNnodel[i7,18]. Ilalieffectdatashorvaseriesofseven
phases rvith plateaus in eacir phase. The pliases are chalacterized by successive nuprbers 6 to

0. Tlre trarrsition fields obey tire rule H,, = IIt /0t* 7) where It 1 - 697 is t|e fuu{ar1eltal
field related to the deviation frour perfect nesting ancl 7 is of order 3. as it was predicted
quantitatively from the QN model[l9]. The origin of this number is the variation rvith the
field of the electrou density above the SDW gap.
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The QN model also predicted the occurence of the n = S illsul6ting phase at a field
IIs = H1f 1 [1,19]. This phase has been discovered exactly at the right piace[12,18]. T5ere
is at the mometrt no evidence of reentrance but it cannot be ruled out above-30 T. But an
important difference with (TMTSF)zCIOq is the existence of the n 0 phase.
=
Although Hall effect exhibits plateaus in both compounds, the magnetoresistance never
in the subphases as expected and is very sample dependent. ihir ir not surprising
considering that the sample may not be SDW ordered everywhere. A extremely elementar!
vanishes

model wtih association of metallic and "quantized llall" regions show that it is very
to
"*y
get quantizatiou of Hall eflect and non zero magnetoresistance
[20].
The physics seems to be simpler in (TN{TSF)2pF6 than in (Tr{TSF)2cloa , probably
because of the crucial role of the anion ordering. However, common features are still puzzling.
The origin of the fast oscillations and their disappearance at low temperature o." quiL
unusual and not understood. The change in sign of the llall effect has been attributed to
the coraplex hierarchy of subphases appearing at low T[lb,21,22]. But in (TMTSF):pF6
,
this change in sign is not always observed even at vcry low ternperature[l7j.

2

BLECTI1ONIC SPECTRUIVI OF QUASI-lD CONDUCTORS IN A FIDLD

Recent themrodynatnic data in (TMTSF)2ClOa have shown that new ph:ues rntry occur at
Iow tcnrperature wilh an arborescent phase diagrarn[l1]. These rcsults suggest the existerrce
of a finer structure in the elbctrouic spectrum of the IISbW. In all the theoretical treatments

up to now, the dispersion relation along the direction of the chains has been linearized
around the Fermi ievel. This trick leads to simple analytical results but it misses the lattice
periodicity along the chains. It has been proposed that this pcrioclicity leads to a more
cornplex structure of the spectrum with a new possible set of nesting vectors[lb,21]. This
predictiou has been based on a perturbative calculation. We found

it interesiing to use a
non perturbative approach although not self-consistent. We present here prelimina-ry results.
We fix the amplitude of the order parameter and derive the structure of t,he spectrum with
such an order parameter.
trt has often been suggested that the complexity of ihe Hofstadter spectrum[23] lias
something to do with the spectrum of the PISDW phases[11,15,21,24) . Here, *e show
that these spectra differ significantly and that the spectrum of the FISDW has much less

complex structure. The Hofstadter spectrum is recalled on fig.l. It is the spectrum of
isolropic tight binding electrons in a field. Gaps open at wave vectors 2k t2r/a* seIIb/h
(whiclr correspond to band fillings y - t * s/ where { is the flux irrside one plaquette of tire
lattice)' t and s are integer numbers and o,b are interatornic distances. Ilere, we describe
an lrighly uniscttt'o1tic system rvith an anisotropy ruliol,oft6 of order 10. The number of gaps
is unciranged but most of them are exponentially small. liris is shorvn on fig.2. Only
laps
lvith s=0 and s=1 are visible.
Now rve add an e-xterual potential of the form Acos(Qe) with Q
- zr/a(whic1 is not
the real situation in l3echgaard salts since the band is 3/4 fillecl). 'l'his poteltial opels 1ew
gaps at 2k =t)vf o* selIb/h + jQ. The case s
= 0 corresponds to the usual SbW gap.
Othcr gaps separate the Landau bands described by thc QN nrodel. 'Ilrc structure is shorvrr
orr fig.3. 'I'he subplra.scs rvith a field dependent wave vcctor Q
= nf u* neilb/h arc slrorvn
on fig.4. Ibr this set of rvave vectors, the FISDW spcctrum do lot have t[e conrplexity of
the llofstadter sPectrum ( one should also rernember that the experimental a..essible region

r = Sf go < 10-' ).
Irr the future, we want to investigate this spectrum with a 2D nesting vector Q
=
(Qr,Qv), rvith a fractional set of nesting vectors as proposecl by M. Iliritier[15,21], and
also witlr non comrnensurate lvave vectors Q(II = 0) { r/a. We hope it wijl leaci to a
cornplete description of the possible phase diagrarns for lhe quasi-lD conductors in a field.
corresponds to
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Fig.1 : Spectrum

E({) of isdtropic tight binding electrons[21]. e = E/4t

and

r=

gf go
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Fig.2 : Spectrum E(/) of anisolropic tight binding electrons (l"ftb = 10). Only values of
r = p/q with g < 50 wave been calculated. This is the reason for the white vertical spacer.
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Iiig.3 : Spectrurn E($) of anisolropic tight binding electrons with a moclulation at

vectorQ=(r/a,0)"

E{ F }U

;

7t

:

!{l

qt $l

)>

,,

wave

9)

;

I

6

H
-<

d H lh hnb

ad

ill sl Ir

iltffi

E(l) of anisolropic tight binding electrons with a rnodulation at wave
- ("/" * ne[Ibfh,0).o)n - 1;6)n = !.

Fig.4 : Spectrum
vector Q
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3

CONCLUSION

The QN model describes fairly weli.rrany features of the FISDW transitions in Bechgaard salts. The better agreement irr i'INITSF)2PFo than in (TMTSF)2CIOa shows that

the anion ordering is probably &n €ssc:rti&l ingredient to understand the puzzling data in
(TMTSF)?CIOn such as the reentrancc in high field. A complete description of the spectrum

of the FISDW is in progress.
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